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(54) Internal combustion engine total cooling control system 



(57) An engine cooling system includes an 
engine14 ; a radiator assembly including a radiator 16 
and a fan 19 driven by an electric fan motor 21 ; a cool- 
ant circulation circuit 12 interconnecting the engine and 
the radiator for circulating coolant; a by-pass circuit 24 
connected to the coolant circulation circuit so that cool- 
ant may by-pass the radiator; an electrically powered 
variable speed coolant pump 28 disposed in the coolant 
circulation circuit to pump coolant through the coolant 
circulation circuit; control valve structure 26 constructed 
and arranged to control mass flow of coolant through 
the radiator; an engine temperature sensor 54 to detect 
a temperature of engine coolant; a radiator temperature 
sensor 58 to detect a temperature of air exiting the radi- 



ator or a temperature of coolant at an outlet of the radi- 
ator, and a controller 36 operatively connected with the 
electric fan motor, the coolant pump, the control valve 
structure, the engine temperature sensor, and the radi- 
ator temperature sensor. The controller selectively con- 
trols (1) the control valve structure, (2) operation of the 
coolant pump based on signals received from the 
engine temperature sensor and (3) operation of the 
electric fan motor based on a signal received from the 
radiator temperature sensor, thereby controlling an 
operating temperature of the engine to approach a tar- 
get operating temperature. Methods of cooling an 
engine are also provided. 
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Description 

[0001] This invention relates to a cooling control system for an internal combustion engine and more particularly to a 
total cooling control system employing an electric water pump, various temperature sensors, a radiator flow control 
s valve, a radiator fan motor and a controller to control the cooling system to maintain an engine operating temperature 
within a narrow range around a target temperature. 

[0002] Conventional internal combustion cooling systems generally employ a mechanical water pump which is oper- 
ated based on engine speed, a thermostat, and a radiator to maintain the engine temperature within a safe operating 
temperature range. However, since the speed of the mechanical water pump is directly related to the engine rpm, at low 

10 engine rpm and high engine load, the speed of the mechanical water pump may limit the ability of the cooling system 
to dissipate the required heat from the engine. This condition can lead to the temperature of the engine exceeding the 
controllable range of the thermostat. In addition, at high engine rpm and tow load conditions, the capacity of the water 
pump may exceed the necessary cooling requirements and energy may be wasted due to circulating excess fluid. This 
wasted energy represents a potential fuel savings. 

is [0003] With the conventional mechanical water pump and thermostat generally the set point for the engine operating 
temperature is fixed. With a fixed operating temperature, the cooling system may not be tuned to optimize emission and 
power based on engine load. 

[0004] Accordingly, a need exists to provide a total cooling control system to maintain the engine operating tempera- 
ture within a narrow range around a target temperature with the engine target temperature and mass flow rate through 

20 the engine being a direct function of the heat released and an indirect function of engine load. 

[0005] An object of the present invention is to fulfill the need referred to above. In accordance with the principles of 
the present invention, this objective is obtained by providing an engine cooling system including an engine; a radiator 
assembly including a radiator and a fan driven by an electric fan motor; a coolant circulation circuit interconnecting the 
engine and the radiator for circulating coolant; a by-pass circuit connected to the coolant circulation circuit so that cod- 

25 ant may by-pass the radiator; an electrically powered variable speed coolant pump disposed in the coolant circulation 
circuit to pump coolant through the coolant circulation circuit; control valve structure constructed and arranged to con- 
trol mass flow of coolant through the radiator; an engine temperature sensor to detect a temperature of engine coolant; 
a radiator temperature sensor to detect a temperature of air exiting the radiator or a temperature of coolant at an outlet 
of the radiator; and a controller operatively connected with the electric fan motor, the coolant pump, the control valve 

30 structure, the engine temperature sensor, and the radiator temperature sensor. The controller selectively controls (1) 
the control valve structure, (2) operation of the coolant pump based on signals received from the engine temperature 
sensor and (3) operation of the electric fan motor based on a signal received from the radiator temperature sensor, 
thereby controlling an operating temperature of the engine to approach a target operating temperature, as a direct func- 
tion of heat released, without monitoring actual speed or load of the engine. 

35 [0006] In accordance with another aspect of the invention, a method of controlling an operating temperature of an 
engine is provided. The engine has a cooling system including a radiator assembly including a radiator and a fan driven 
by an electric fan motor; a coolant circulation circuit interconnecting the engine and the radiator for circulating coolant; 
a by-pass circuit connected to the coolant circulation circuit so that coolant may by-pass the radiator; an electrically 
powered variable speed coolant pump disposed in the coolant circulation circuit to pump coolant through the coolant 

40 circulation circuit; control valve structure constructed and arranged to control mass flow of coolant through the radiator; 
an engine temperature sensor to detect a temperature of engine coolant; a radiator temperature sensor to detect a tem- 
perature of air exiting the radiator or a temperature of coolant at an outlet of the radiator; and controller operatively con- 
nected the electric fan motor, the coolant pump, the control valve structure, the engine temperature sensor, and the 
radiator temperature sensor. The method includes determining the temperature of engine coolant and comparing the 

45 coolant temperature with a target engine coolant temperature. Based on a difference between the coolant temperature 
and the target engine coolant temperature, the control valve structure is operated and a speed of the coolant pump is 
controlled to control a mass flow rate of coolant though the radiator, thereby adjusting the operating temperature of the 
engine, without determining engine load and speed. An actual temperature of air exiting the radiator or of coolant at an 
outlet of the radiator is determined and compared to a target temperature. Based on a difference between the actual 

so temperature and the target temperature, a speed of the electric fan motor is controlled to improve thermal performance 
of the radiator. 

[0007] Other objects, features and characteristic of the present invention, as well as the methods of operation and the 
functions of the related elements of the structure, the combination of parts and economics of manufacture will become 
more apparent upon consideration of the following detailed description and appended claims with reference to the 
55 accompanying drawings, all of which form a part of this specification. 

[0008] At least one embodiment of the invention will now be described, by way of example only, with reference to the 
accompanying drawing, in which: 
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FIG. 1 is a schematic illustration of a total cooling system provided in accordance with the principles of the present 
invention. 

[0009] Referring to FIG. 1 , an internal combustion total cooling system is shown schematically, generally indicated 
5 10, provided in accordance with the principles of the present invention. The total cooling system 10 includes a cooling 
water or coolant circulation circuit 1 2 constructed and arranged to connect an internal combustion engine 1 4 with a radi- 
ator 16 of a radiator assembly, generally indicated at 18. The cooling water circulation circuit 12 includes a passage 20 
interconnecting an outlet of the engine 14 and an inlet of the radiator 16, and a passage 22 interconnecting an outlet of 
the radiator 16 and an inlet of the engine 14. The passages 20 and 22 are interconnected via a by-pass circuit 24 so 
io that under certain operating conditions, water or coolant may by-pass the radiator 16. The radiator assembly 18 
includes the radiator 16. a fan 19, and an electric motor 21 to drive the fan 19. 

[001 0] Control valve structure 26 is disposed in the cooling water circulation circuit 1 2 to control the mass flow of water 
though ihe radiator 16. in the iiiustrated embodiment, the control vaive structure 26 is disposed in trie passage 20 at a 
junction with the by-pass circuit 24. It can be appreciated that the control valve structure 26 can be located at a juncture 
75 of passage 22 and bypass circuit 24. In the illustrated embodiment, the control valve structure 26 is an electrically actu- 
ated, three-way diverter valve which is continuously variable in opening degree. Alternatively, the control valve structure 
26 may comprise a pair of electrically actuated valves, such as butterfly valves. One of the valves controls flow through 
the radiator 1 6 and the other valve controls flow through the by-pass circuit 24. The butterfly valve in the by-pass circuit 
is optional. 

20 [001 1 ] An electrically operated, variable speed water pump (EWP) 28 is provided in the passage 22 to pump water 
or other coolant through the system 10. 

[001 2] A heater core circuit 30 is connected to the cooling water circuit 1 2. A heater valve 32 is disposed upstream of 
a heater core 34 in the heater circuit 30. As shown by the arrows in FIG. 1, when the heater valve 32 is at least partially 
open, water will pass through the heater valve 32 and heater core 34 and will return to the electric water pump 28. 
25 [001 3] An optional oil cooler 33 and an optional transmission cooler/warmer 35 may be connected, via auxiliary circuit 
37, to the cooling water circulation circuit 12. 

[0014] A controller, generally indicated at 36, is provided to control operation of the electric water or coolant pump 28, 
the fan motor 21 , the control valve 26 and heater valve 32. The controller 36 may be. for example, a Siemens C504 8 
Bit CMOS microcontroller. The controller 36 includes read only memory (ROM) 38 which stores the control program for 

30 the controller 36. The ROM also stores certain data 40 for cooling system operation such as look-up tables for the 
change in target engine temperatures AT (which is the difference between a target outlet engine temperature and a tar- 
get inlet engine temperature), target engine temperatures as a function of engine load, control valve structure index, 
control valve structure position, initial water pump rpm index, water pump pulse width modulation (PWM) setting, target 
radiator temperature and target engine oil temperature, the function of which will become apparent below. 

35 [001 5] Thus, the controller 36 operates under program control to develop output signals for the control of various com- 
ponents of the cooling system 10. A fan motor speed signal from the controller 36 is sent to a fan motor speed control 
circuit 42 which, in turn, is connected to the fan motor 21 . A water pump speed control signal from the controller 36 is 
sent to a water pump speed control circuit 44 which, in turn, is connected to the electric water pump 28. A control valve 
position signal from the controller 36 is sent to a control valve position control circuit 46 which, in turn, is connected to 

40 the control valve 26. Finally, a heater valve position signal from the controller 36 is sent to a heater valve position control 
circuit 48 which, in turn, is connected to the heater valve 32. 

[001 6] Feedback via line 45 is provided from the control valve structure 26 to the controller 36 to indicate to the con- 
troller a present position of the control valve structure 26. Feedback via line 47 is provided from the fan motor 21 to the 
controller 36 to indicate to the controller the present fan motor rpm. Feedback is provided via line 49 from the electric 
4$ water pump 28 to the controller 36 to indicate to the controller the present water pump rpm. Finally, feedback is provided 
via line 51 from the heater valve 32 to the controller to indicate to the controller the preset position of the heater valve 
32. 

[001 7] Connected to the controller 36 is an engine outlet water temperature sensor 50 for detecting the engine outlet 
water temperature (Teng.out), an engine inlet water temperature sensor 52 for detecting the engine inlet water temper- 
so ature (Teng.in). an engine oil temperature sensor 54 for detecting the engine oil temperature (Toil), an engine knock 
sensor 56 for detecting engine knock (Knock), an exit air temperature sensor 58 for determining a temperature of air 
(Tair) exiting the radiator 1 6. Alternatively, sensor 58 may be disposed so as to measure a temperature of coolant at an 
outlet of the radiator 16. Further, in the broadest aspects of the invention, only one engine coolant temperature sensor 
need be provided (either sensor 50 or sensor 52). In this case, the controller 36 can calculate or estimate the missing 
55 temperature. 

[0018] Most cars today include an oil temperature sensor and a knock sensor. In this case the controller would com- 
municate with the ECU of the vehicle to obtain the knock and oil temperature data. 

[0019] For heater control purposes, a position sensor for the heater temperature control lever 60 supplies an input 
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signal to the controller 36. In addition, a conductor to the engine ignition switch 62 supplies an input signal (FenginOn) 
to the controller 36 when the ignition is on. Furthermore, an A/C high pressure switch 63 is associated with the control- 
. ler 36 so as to determine when the switch 63 is on or off, the function of which will explained more fully below. 
[0020] The vehicle battery supplies electrical power to the controller 36. The negative battery terminal is connected 

s to ground and the positive battery terminal is connected through a voltage regulator 64 to the controller 36. 

[0021] FIG. 1 illustrates one embodiment of the mechanical component configuration of a total cooling system of the 
invention. It can be appreciated that other configurations may be employed such as, for example, the configurations 
depicted in U.S. Patent Application No. 09/105,634, entitled Total Cooling Assembly For A Vehicle Having An Internal 
Combustion Engine", the content of which is hereby incorporated into the present specification by reference. Thus, in 

10 accordance with the invention, the controller 36 controls any valves associated with the radiator, bypass circuit and 
heater core, and would control the operation of the electric water pump(s). 

[0022] From a systems point of view, the engine 14 is the primary source of heat while the radiator 16 is the primary 
element to dissipate heat. The bypass circuit 24 and heater core 34 act primarily to divert coolant past the radiator 16. 
The electric water pump 28 controls the system pressure drop; hence for a given valve configuration, the water pump 

15 28 controls the total mass flow rate of the coolant through the system 10. The control valve structure 26 controls the 
proportion of coolant which is directed through the radiator 16 and in conjunction with the heater valve 32, may restrict 
the total flow through the engine 14. During cold start condition, the control valve structure 26 restricts the coolant flow 
through the by-pass circuit 24 to reduce the total flow rate through the engine below that normally obtained with the min- 
imum rpm of the water pump 28. Under this condition, flow to the radiator 16 is prevented. At the end of cold start, the 

20 by-pass circuit 24 is open and a port to the radiator 16 is still fully closed. The heater valve 32 is opened when heat to 
the vehicle cabin is required. During cold start, coolant flow to the heater core 34 may be delayed by a few seconds or 
a few minutes to facilitate quicker engine warm-up. Under maximum load conditions, the heater valve 32 may be closed 
to increase the system pressure and hence the mass flow rate through the radiator 1 6. 

[0023] The fan 19 of the radiator assembly 18 affects the thermal capacity of the air side of the radiator 16 and hence 
25 affects the outlet temperature of the coolant from the radiator 16. 

[0024] With regard to the engine, the heat released to the coolant from the engine is a function of engine load and 
speed. A heat balance on the coolant side of the engine, Q eng is given by: 



30 



Qong="lCpAT Gng (1) 

where nh is the coolant mass flow rate through the engine, Cp is the heat capacity of the coolant and AT Gng is given by: 

A"*" eng = ^eng.out * "^eng.in (2) 

35 where the temperatures refer to the coolant outlet and inlet temperatures respectively. One of the controllers primary 
objectives is to manage the thermal stress on the engine by regulating the change in temperature across the engine. 
This is done by ensuring that AT eng is kept within a safe range. Equation 1 demonstrates that if AT eng is kept constant, 
the only variable left to 

balance the heat generated by the engine is m, the mass flow rate of coolant through the engine. For centrifugal pumps: 



40 



maRPMp^ , (3) 



[0025] If the positions of the control valve structure 26 and the heater valve 32 are considered to be f ixed, then, under 
this condition, the hydraulic resistance of the cooling system is also fixed. Thus, to first order of magnitude, the mass 

45 flow rate through the system is directly proportional to the speed of the electric water pump 28. This suggests that the 
speed of the water pump 28 may be used to adjust the temperature rise through the engine 14. However, the adjust- 
ment need not be based on water pump speed, but can be based on a duty cycle to a pulse width modulated (PWM) 
controller, with pump speed being used as a feedback variable. This would ensure that the speed of the water pump 28 
would not fall below a minimum stall pump speed, and it would facilitate obtaining the maximum water pump speed 

so obtai nable from the available alternator voltage. 

[0026] With regard to the radiator assembly 18, the heat rejected by the radiator 16 is described by: 

Qrad = ^radCp AT rad (4) 

55 where AT rad is the temperature drop of the coolant through the radiator 16 and m rad is the coolant mass flow through 
the radiator. The actual temperature drop in the fluid is a function of the performance of the radiator 16, and again to 
first order of magnitude, the mass flow rate of the coolant through the radiator controls the total amount of heat which 
can be rejected. The amount of heat rejected by the radiator 16 will determine the equilibrium system temperature. For 
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10 



15 



the algorithm of the preferred embodiment, the engine inlet temperature was selected as the control temperature to rep- 
resent the cooling system temperature. Thus, the mass flow rate of coolant through the radiator 1 6 is used to adjust the 
engine operating temperature. 

[0027] With regard to the radiator fan 1 9, the maximum heat rejected from the radiator 1 6 can be expressed as: 

Q rad.max = C min AT max (5 > 

where C min is the minimum thermal capacity of the two fluids and is given by: 



=min). 



^(oooiant)^p(ooolanl) 
| m (air)°p(air> 



and AT max is the maximum temperature difference of the two fluids and is often called the approach difference. The 
controller 36 cannot modify the approach temperature, however, the controller 36 can affect the thermal capacity of the 
air side which under large radiator coolant flow rates, is equal to C min . The easiest indication that the thermal capacity 

20 of the air side is being saturated, is to measure the exit temperature of the air from the radiator 16 or the temperature 
of the coolant at the outlet of the radiator 16. If the exit air temperature exceeds a minimum performance value, the 
mass flow rate of the air should be increased. Thus, the speed of the electric fan motor 21 is used to improve the ther- 
mal performance of the radiator 16 when the air side thermal capacity is limiting the heat rejection of the radiator 16. By 
monitoring the radiator exit air temperature or coolant temperature at the outlet of the radiator 16, the controller 36 auto- 

25 matically accounts for any additional heat load due to an A/C condenser or charge air cooler. 

[0028] There are conditions by which the speed of the electric water pump 28 required to maintain desired AT Gng will 
not provide sufficient coolant flow from the radiator 16 to protect the engine 14 from over heating. Under these condi- 
tions, the engine temperature must override the normal control of the electric water pump 28. In doing so. the electric 
water pump speed will be increased from that required to prevent thermal stress. The result is that the temperature rise 

30 through the engine will decrease and thus further reduce the thermal stress on the engine 14. 

[0029] There are many reasons why the target engine temperature and temperature rise through the engine should 
be a function of engine load. However, it is not really engine load that is of concern; it is the magnitude of heat flux from 
the cylinders and the total thermal load on the cooling system that is of interest Again, by examining Equations 1-3, it 
can be stated that the speed of the electric water pump 28 is directly related to the heat flux and heat release from the 

35 engine 14. Hence, the speed of the electric water pump 28 is an indirect measure of the total heat released and as far 
as the cooling system is concerned, is equivalent to monitoring the true engine load and speed. 
[0030] In this manner, the target engine temperature AT and the desired mass flow rate through the engine can be 
an indirect function of engine load and a direct function of heat released by using the present electric water pump speed 
as an index or variable in the determination of the target temperatures. 

40 [0031] The controller 36 simply monitors the engine oil temperature. The oil temperature is used to change the set 
point for the engine temperature. In most cases, this will result in further opening of the control valve structure 26 to 
increase flow through the radiator 16. Only when the control valve structure 26 is opened fully will the controller 36 
increase the speed of the water pump 28 in response to engine temperature control and hence would shift the controller 
36 from a normal mode to a pump override mode. 

45 [0032] The maximum amount that the controller 36 is permitted to reduce the engine temperature is restricted and 
divided into several steps. The engine temperature is not reduced to the next step until the engine temperature has 
reached the new modified temperature and the controller confirms that the oil temperature has not been reduced suffi- 
ciently. 

[0033] In a similar manner, if persistent knock is detected, the controller will reduce the engine temperature in an effort 
so to eliminate thermal knock The engine electronic control unit (ECU) (not shown) should be able to adjust the air fuel 
ratio and timing within two revolutions of the engine to eliminate knock. If knock persists for a longer period of time, the 
controller 36 assumes that the knock is thermally generated and would further open the control valve structure 26 to 
increase coolant flow through the radiator 16. 

[0034] Both the oil and knock routines know what the other routines are doing and wait for the engine to achieve its 
55 new lower temperature before requesting any further reduction of engine temperature. 

[0035] The control strategy as set forth above can be implemented using many different algorithms. For example, a 
full PID-type controller may be employed or a controller for the system of the invention can be an integral controller. 
[0036] The controller 36 controls the operation of the control valve 26. the fan motor 21 , the heater valve 32, and the 
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electric water pump 28 in accordance with the above defined signals, Teng.out; Teng.in; Toil; Knock; Tair and FenginOn. 
[0037] A start cycle is utilized to power the controller 36 and the electric water pump 28, to test sensors, and to preset 
valves 26 and 28 to an initial position. A typical start cycle in accordance with the invention is as follows: 

5 START CYCLE 

[0038] 

1 . Wait for ignition key to be turned to on. 
10 2. Power up controller 36. 

3. Test sensors and feedback systems - no open circuits - read error codes and shut down system if a problem is 
detected and display warning/service or disable ignition if problem is serious. 

4. Initialize program variables. 

5. Preset valves 26 and 32. 

is 6. Wait for engine start or go to #1 above if key is turned off. 

7. Start electric water pump 28. 

8. Go to MAIN CONTROL LOOP. 

[0039] A main control loop is utilized to control the electric water pump 28 and air flow through the radiator 1 6 to con- 
20 trol the temperature rise through the engine. A typical main control loop for the system is as follows: 

MAIN CONTROL LOOP 
[0040] 

25 

1. Read all sensors - Engine Outlet Temperature (Teng.out). Engine inlet Temperature (Teng,in), Radiator Outlet 
temperature (Tair), Oil Temperature (Toil), Knock Signal (Knock) from ECU, High Pressure Switch 63 on A/C sys- 
tem and Ignition Sensor (FenginOn). 

2. Check if engine is still running: if NO go to AFTERUN or else continue. 

30 3. Calculate or modify Target Engine Temperature, Target Engine Temperature Rise (AT across the engine) through 
the use of a look-up table based on current water pump 28 speed (e.g., indirectly, engine load) as well as Oil Tem- 
perature (Toil) and Knock. 

4. Determine water pump 28 speed and position of valve 26 using PID or some other method following the rules 
below: 

35 

If Actual Engine Temperature Rise > Target Engine Temperature Rise then INCREASE Total Coolant Flow 
Rate through the engine, or else, if Actual Engine Temperature Rise < Target Engine Temperature Rise then 
DECREASE Total Coolant Flow Rate Through the engine. (There are two ways to increase the coolant flow 
rate depending on the control mode of the control valve structure 26— in a radiator bypass mode, the radiator 
40 port is closed and the speed of the water pump 28 is fixed at its lowest speed and the bypass port is modulated 

from about 1/10 open to fully open to regulate coolant flow through the system. In a radiator mode, the bypass 
and radiator ports are modulated to control the flow split between the bypass and the radiator 1 6 and the speed 
of the water pump 28 is modulated to control the total coolant flow rate though the system. 

45 If Engine Inlet Temperature (Teng.in) > Target Engine Inlet Temperature, then INCREASE Coolant Flow Rate 

to the radiator 16 or else, if Engine Inlet Temperature (Teng.in) < Target Engine Inlet Temperature, then 
DECREASE Coolant Flow Rate to the radiator 16. 

If Radiator Outlet Temperature (Tair) > Target Radiator Temperature, then INCREASE air flow through the radi- 
so ator 16 or else, if Radiator Outlet Temperature (Tair) < Target Radiator Temperature, then DECREASE airflow 

through the radiator 16. 

If Engine Oil Temperature (Toil) > Target Engine Oil Temperature, then DECREASE the Target Engine Temper- 
ature or else if Engine Oil Temperature (Toil) < Target Engine Oil Temperature, then in small steps. INCREASE 
55 Target Engine Temperature up a value that would represent the original target engine temperature for the pre- 

vailing conditions. 

If ECU indicates thermal knock, then DECREASE target engine temperature or else if knock condition ends, in 
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small steps. INCREASE engine temperature to restore for target temperature without knock condition. 

If A/C high pressure switch 63 is on, then INCREASE radiator fan 19 speed or else if A/C high pressure switch 
63 is no longer on and radiator outlet temperature (Tair) is lower than required, then DECREASE radiator fan 
5 19 speed. 

5. Set valves 26. 32 and pump 28 speed with feedback control. Generate error codes if control elements are not 
responding correctly. Limit maximum engine power for "limp home" mode or shutdown engine if required to safe- 
guard engine. 
w 6. Go to #1 above of Main Control Loop. 

[0041] After the engine is turned-off. an After Run sequence is initiated to determine if the engine temperature is at 
an acceptable value. The following is a typical After Run sequence: 

is AFTER RUN 

[0042] 

I . Open control valve structure 28 to fully open. 
20 2. Close heater valve 32. 

3. Adjust speed of pump 28 to after run speed. 

4. Read temperature of engine. 

5. If engine temperature OK then go to # 8 below. 

6. If ignition key off, then go to #4 of After run. 

25 7. If engine started then initialize variables and go to #1 of Main Control Loop. 

8. Turn-off pump 28. 

9. Test functionality of control elements and store error codes. 

10. Reset valves 26 and 32 to start position. 

II. Goto# 1 of Start Cycle. 

30 

[0043] The possible benefits of the of the total cooling system 1 0 of the invention include the ability to control engine 
temperature tightly, which means that the maximum temperature of the engine can be safely increased. With such con- 
trol the engine may operate at a higher temperature so as to provide more efficient combustion of fuel. Better utilization 
of fuel results in lower emissions and increased fuel economy. 
35 [0044] The electronically controlled cooling system of the invention provides adaptive engine temperature for opti- 
mized fuel economy, emissions or drivability depending on engine load and driving conditions or driving styles. The 
engine temperature is not fixed to a narrow band as is in a mechanical thermostat. 

[0045] The high efficiency electric water pump pumps only the amount of fluid required when necessary in contrast 
to a mechanical water pump which pumps a fixed volume of fluid for a given engine rpm regardless if the fluid is 

40 required. In addition, the electronic water pump provides better cooling at low engine rpm since the maximum available 
flow is not restricted by engine rpm. Furthermore, the electric water pump provides potential energy savings at high 
engine rpm or highway driving conditions where there is a possibility of reducing the total coolant flow rate. 
[0046] With electronically controlled engine temperature, the engine temperature can be adjusted to account for over- 
heating of the engine oil, the thermal induced knock, or to optimize the performance of the engine or ancillary equip- 

45 ment. 

[0047] With an electronically monitored engine warm-up, under all conditions, the controller can optimize the water 
pump and valve positions to maintain a maximum acceptable level of thermal metal stress and minimize the warm-up 
phase of the drive cycle. It is during this warm-up phase that a significant amount of emissions are produced. 
[0048] The electronically controlled electronic water pump allows for an after run cycle to improve hot starts to reduce 
so the chance of boiling during a hot soak condition. 

[0049] The electronically controlled cooling system can monitor the performance of the electric water pump, valves, 
heat release for engine and cooling diagnostics. 

[0050] Finally, computer control could be self-calibrating and self-learning. 

[0051] The foregoing preferred embodiments have been shown and described for the purposes of illustrating the 
55 structural and functional principles of the present invention, as well as illustrating the methods of employing the pre- 
ferred embodiments and are subject to change without departing from such principles. Therefore, this invention 
includes all modifications encompassed within the spirit of the following claims. 
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Claims 

1 . An engine cooling system comprising: 

5 an engine; 

a radiator assembly including a radiator and a fan driven by an electric fan motor; 

a coolant circulation circuit interconnecting said engine and said radiator for circulating coolant; 

a by-pass circuit connected to said coolant circulation circuit so that coolant may by-pass said radiator; 

an electrically powered variable speed coolant pump disposed in said coolant circulation circuit to pump cool- 
10 ant through said coolant circulation circuit; 

control valve structure constructed and arranged to control mass flow of coolant through said radiator; 

an engine temperature sensor to detect a temperature of engine coolant; 

a radiator temperature sensor to detect a temperature indicative of a temperature of said radiator; and 
a controller operatively connected with said electric fan motor, said coolant pump, said control valve structure, 
is said engine temperature sensor, and said radiator temperature sensor to selectively control (1) said control 

valve structure, (2) operation of said coolant pump based on signals received from said engine temperature 
sensor and (3) operation of said electric fan motor based on a signal received from said radiator temperature 
sensor, thereby controlling an operating temperature of said engine to approach a target operating tempera- 
ture. 

20 

2. The cooling system according to claim 1 , wherein said radiator temperature sensor is constructed and arranged to 
detect a temperature of air exiting said radiator. 

3. The cooling system according to claim 1 . wherein said radiator temperature sensor is constructed and arranged to 
25 detect a temperature of coolant at an outlet of said radiator. 

4. The cooling system according to claim 1 , wherein said engine temperature sensor monitors a temperature of cool- 
ant at an inlet of said engine. 

30 5- The cooling system according to claim 1 , wherein said engine temperature sensor monitors a temperature of cool- 
ant at an outlet of said engine. 

6. The cooling system according to claim 1 , wherein said controller is constructed and arranged to control speed of 
said coolant pump and said electric fan motor. 

35 

7. The cooling system according to claim 6, further including a feedback circuit associated with said coolant pump to 
indicate to said controller a present speed of said coolant pump 

8. The cooling system according to claim 6, further including a feedback circuit associated with said electric fan motor 
40 to indicate to said controller a present speed of said electric fan motor. 

9. The cooling system according to claim 1 , further comprising: 

a heater circuit connected to the coolant circulation circuit; 
45 a heater core in said heater circuit; and 

a valve in said heater circuit to control flow of coolant through said heater core, said valve being operatively 
connected with said controller so that said controller may control said valve to control flow through said heater 
core. 

so 1 0. The cooling system according to claim 1 , wherein said controller is constructed and arranged to receive knock data 
so that said controller may control said control valve structure to increase flow through said radiator to reduce the 
engine temperature to eliminate knock. 

11. The cooling system according to claim 1, further including a feedback circuit associated with said control valve 
55 structure to indicate to said controller a present position of said control valve structure. 

12. The cooling system according to claim 1 , wherein said controller is constructed and arranged to receive engine oil 
temperature data so that said controller may control said control valve structure to increase flow through said radi- 
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ator to reduce the engine oil temperature. 

1 3. The cooling system according to claim 1 , further including a feedback circuit associated with said fan motor to indi- 
cate to said controller a present speed of said fan motor. 

5 

14. The cooling system according to claim 9. further including a feedback circuit associated with said valve in said 
heater circuit to indicate to said controller a present position of said valve. 

15. The cooling system according to claim 1. further comprising an auxiliary circuit connected with said coolant circu- 
it? lation circuit, said auxiliary circuit containing one of an oil cooler and a transmission cooler. 

16. The cooling system according to claim 1, wherein said control valve structure comprises an electrically actuated, 
three-way diverter valve disposed at a juncture of said by-pass circuit and said coolant circulation circuit. 

is 17. The cooling system according to claim 9. wherein said valve in said heater circuit is movable between on and off 
positions. 

18. An engine cooling system comprising: 

20 an engine; 

a radiator assembly including a radiator and a fan driven by an electric fan motor; 

a radiator temperature sensor to detect a temperature indicative of a temperature at said radiator, 

a coolant circulation circuit interconnecting said engine and said radiator for circulating coolant; 

a by-pass circuit connected to said coolant circulation circuit so that coolant may by-pass said radiator; 
25 a heater circuit connected to the coolant circulation circuit; 

a heater core in said heater circuit; 

a valve in said heater circuit to control flow of coolant through said heater core; 

an electrically powered variable speed coolant pump disposed in said coolant circulation circuit to pump cool- 
ant through said coolant circulation circuit, and 
30 control valve structure constructed and arranged to control a mass flow of coolant through said radiator; 

a engine temperature sensor to detect a temperature of engine coolant; and 

a controller operatively connected with said coolant pump, said electric fan motor, said control valve structure, 
said heater valve, said engine temperature sensor, and said radiator temperature sensor to (1) selectively con- 
trol said heater valve and said control valve structure, (2) control operation of said coolant pump based on sig- 
35 nals received from said engine temperature sensor, and (3) control operation of said electric fan motor based 

on a signal received from radiator temperature sensor, thereby controlling an operating temperature of said 
engine to approach a target operating temperature, without monitoring actual speed or load of said engine. 

1 9. A method of controlling an operating temperature of an engine, the engine having a cooling system including a radi- 
40 ator assembly including a radiator and a fan driven by an electric fan motor; a coolant circulation circuit intercon- 
necting the engine and the radiator for circulating coolant; a by-pass circuit connected to the coolant circulation 
circuit so that coolant may by-pass the radiator; an electrically powered variable speed coolant pump disposed in 
the coolant circulation circuit to pump coolant through the coolant circulation circuit; control valve structure con- 
structed and arranged to control mass flow of coolant through the radiator; an engine temperature sensor to detect 

45 a temperature of engine coolant; a radiator temperature sensor to detect a temperature indicative of a temperature 
at said radiator; and controller operatively connected the electric fan motor, the coolant pump, the control valve 
structure, the engine temperature sensor, and the radiator temperature sensor, the method including: 

determining the temperature of coolant at the engine and comparing the coolant temperature with a target 
so engine coolant temperature, 

based on a difference between said coolant temperature and said target engine coolant temperature, operating 
said control valve structure and controlling the coolant pump to control a mass flow rate of coolant though the 
radiator, thereby adjusting the operating temperature of the engine. 

determining an actual temperature of air exiting the radiator or coolant at an outlet of the radiator and compar- 
55 ing said actual temperature to a maximum target temperature; and 

based on a difference between said actual temperature and said maximum target temperature, controlling a 
speed of the electric fan motor to improve thermal performance of the radiator. 
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20. The method according to claim 19, wherein said radiator temperature sensor is constructed and arranged to detect 
a temperature of air exiting said radiator. 

21 . The method according to claim 1 9, wherein said radiator temperature sensor is constructed and arranged to detect 
5 a temperature of coolant at an outlet of said radiator. 

22. The method according to claim 19, wherein values of said target engine coolant temperature and said maximum 
target temperature are stored in memory in said controller. 

10 23. The method according to claim 19, further providing feedback relating to a speed of said coolant pump and a speed 
of the electric fan motor to indicated to the controller a present speed of said coolant pump and of the fan motor, 
respectively, the controller performing further control of the coolant pump and/or of the fan motor when the associ- 
ated feedback indicates that further control thereof is necessary. 

15 24. The method according to claim 19, wherein the cooling system further includes a heater circuit connected to the 
coolant circulation circuit; a heater core in the heater circuit; and a valve in the heater circuit to control flow of cool- 
ant through the heater core, the valve being operatively connected with the controller, the method including: 

controlling the valve in the heater circuit to control flow of coolant through the heater core. 

20 

25. The method according to claim 19, wherein the controller receives engine knock data, the method including: 

controlling the control valve structure to increase flow through the radiator to reduce engine temperature to 
eliminate knock. 

25 

26. The method according to claim 19, wherein the controller receives engine oil temperature data, the method includ- 
ing: 

controlling the control valve structure to increase flow through the radiator to reduce engine temperature so as 
30 to lower engine oil temperature. 

27. The method according to claim 19, further providing feedback relating to a position of the control valve structure to 
indicated to the controller a present position the control valve structure, the controller performing further control of 
the position of the control valve structure when the feedback indicates that further control is necessary. 

35 

28. The method according to claim 1 9, further providing feedback relating to a position of the valve in the heater circuit 
to indicated to the controller a present position of the valve in the heater circuit, the controller performing further 
control of the valve in the heater circuit when the feedback indicates that further control is necessary. 

40 29. A method of controlling an operating temperature of an engine, the engine having a cooling system including a radi- 
ator assembly including a radiator and a fan driven by an electric fan motor; a coolant circulation circuit intercon- 
necting the engine and the radiator for circulating coolant; a by-pass circuit connected to the coolant circulation 
circuit so that coolant may by-pass the radiator; an electrically powered variable speed coolant pump disposed in 
the coolant circulation circuit to pump coolant through the coolant circulation circuit; control valve structure con- 

45 structed and arranged to control mass flow of coolant through the radiator; an engine temperature sensor to detect 
a temperature of engine coolant; a radiator temperature sensor to detect one of a temperature of air exiting the radi- 
ator and a temperature of coolant at an outlet of the radiator; and controller operatively connected the electric fan 
motor, the coolant pump, the control valve structure, the engine temperature sensor, and the radiator temperature 
sensor, the method including: 

so 

determining a rise in coolant temperature in the engine and comparing the temperature rise with a target rise 
in engine coolant temperature, 

based on a difference between said rise in coolant temperature and said target rise in engine cpolant temper- 
ature, operating said control valve structure and controlling the coolant pump to control a mass flow rate of 
55 coolant though the radiator, thereby adjusting the operating temperature of the engine, 

determining an actual temperature of air exiting the radiator or a temperature of coolant at an outlet of the radi- 
ator and comparing said actual temperature to a maximum target temperature; and 

based on a difference between said actual temperature and said maximum target temperature, controlling a 
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speed of the electric fan motor to improve thermal performance of the radiator. 

30. The method according to claim 29, wherein values of said target rise in engine coolant temperature and said max 
imum target temperature are stored in memory in said controller. 
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